a At locations where duration of weathering data does not exist, approximate duration was estimated using published denudation rates, average soil depths, and assumed soil densities (Lybrand et al., 2011; Dosseto et al., 2012; Buss et al., 2017; Pett-Ridge et al., 2009; Leithold et al., 2006; Dethier et al., 2012; Foster et al., 2015; Holbrook et al., 2014; West et al., 2013; Bacon et al., 2012; Abaci and Papanicolaou, 2009; Patton, 2016) . b Annual Mo fluxes were calculated in areas where discharge data was available for the Hawaiian Islands (Schopka and Derry, 2012; Strauch et al., 2015) and the CZOs (Datasets: http://criticalzone.org/national/data/list-datasets/, accessed July 2017). All samples were passed through 0.45-m filters, and acidified to pH 2 with concentrated subboiled distilled HNO 3 . Water samples were dried on a hot plate, refluxed twice in concentrated sub-boiled distilled HNO 3 , and re-suspended in 5 mL of 0.5 M sub-boiled distilled HNO 3 . Molybdenum concentrations were measured on a Thermo X-Series II Inductively Couple Plasma Mass Spectrometer (ICP-MS). A mixed-element solution standard was used for instrument calibration. Two USGS standards (BCR-2 and BHVO-2) were monitored for external reproducibility (BCR-2 = 258  16 g g -1 (n = 5);
BHVO-2 = 4.43  0.66 g g -1 (n = 9)) and results agreed with published concentrations (BCR-2 = 248  17 g g -1 ; BHVO-2 = 3.9  2.3 g g -1 (Li et al., 2014) 23-16504a)) yielded a  98 Mo value of +0.09‰ (2 =  0.12‰, n = 180). Three USGS rock standards BCR-2 (n = 72), BHVO-2 (n = 36), and SDO-1 (n = 45) were also monitored and yielded  King et al. (2016) b Siebert et al. (2015) Table DR3 Published Mo data (Neely et al., 2018; Wang et al., 2015; Rahaman et al., 2014; Voegelin et al., 2012; Neubert et al., 2011; Pearce et al., 2010; Archer and Vance, 2008; Scheiderich et al., 2010) a Data has been normalized to NIST 3134 = +0.25‰ b Water discharge reference is only listed if it is different from cited Mo study from which data was compiled. Samples from the same river have the same water discharge citation. c Groundwater samples classified as < 10C (not hydrothermally altered). Groundwater discharge was estimated for the entire island assuming submarine groundwater was 40% of riverine discharge reported in Pearce et al., 2010 .
Hawaiian groundwater mixing model
In Hawai'i, groundwater exists as a freshwater basal lens overlying seawater that has permeated into the bedrock, and there is potential for this input to affect our groundwater results. Seawater Mo is isotopically heavy ( 98 Mo = +2.3± 0.15‰), Barling et al., 2001; Siebert et al., 2003) and can contribute to the observed heavy groundwater  98 Mo. Schopka and Derry (2012) measured the influence of seawater on groundwater samples collected in the Kona region of Hawai'i and determined that seawater contamination accounted for < 10% of their groundwater samples. We can explore the possible effect of seawater with a simple mixing model, whereby seawater has a Mo concentration of 111 nM and a  98 Mo value of +2.3‰ and the primary mineral dissolution endmember (basalt) has a Mo concentration of ~ 35 nM (average groundwater Mo concentration corrected for 10% seawater intrusion) and a  98 Mo value of +0.14‰ ( 0.17‰, average Hawaiian basalt). In this scenario, mixing between the deep weathering and seawater endmembers does not account for all groundwater samples (Fig. DR2) .
To calculate an average δ 98 Mo value for the dissolved Mo leaching from soils we first calculated the total Mo groundwater flux could be derived from soils. This calculation was based on the total groundwater flux reported in Table 2 (Hawai'i, "rest of island") of Schopka and Derry (2012) and the average Mo concentration in groundwater from this study (41.3 nM). Next, we compared this value to the soil Mo leaching flux for the Kona coast, reported in King et al., (2016) (MAP = 2100 mm yr -1 ) and calculated that 5% of the total groundwater flux comes from shallow, soil-derived flowpaths leaching into groundwater. We set up an isotope mass balance model to calculate a δ 98 Mo value for this soil leach solution assuming that the average groundwater δ 98 Mo value (+0.390.17‰) was a function of dissolved Mo leaching from soils, seawater intrusion (+2.3‰), and Hawaiian basalt (+0.140.17‰). This allows us to calculate a δ 98 Mo soil leaching value of +0.82‰, which can potentially explain why we see a slightly heavier groundwater δ 98 Mo value relative to bedrock (Fig. DR2 ).
Another possible explanation for the slightly heavier Mo signature in groundwater is the incongruent dissolution of mineral phases. However, the Mo isotopic composition of individual primary minerals in Hawaiian basalts is not known, and other studies from both basalts and granites have shown that the incongruent dissolution of Mo phases may lead to  98 Mo values that deviate from bedrock (Voegelin et al., 2012 (Voegelin et al., , 2014 . For example, the fractional crystallization of light Mo into hornblende and biotite led to these mineral phases being ~ 0.6‰ lighter than bulk rock, which requires other Mo phases to be isotopically heavy (Voegelin et al., 2014) . Moreover, sulfide minerals-which are easily dissolved under oxidizing environments-are a major host phase for Mo and possess a wide variation in  98 Mo values that range from -1.4‰ to +2.5‰ (Breillat et al., 2016) . Although sulfides within Hawaiian basaltic glass contain low concentrations of Mo (2.6 ppm) (Greaney et al., 2017) , if these phases are enriched in heavy isotopes there is potential for groundwater  98 Mo to reflect the preferential dissolution of Mo from sulfide phases. Figure DR2 . Mixing plot between seawater, Hawaiian basalt, and Mo leaching from soils. Groundwater samples do not fall on a linear mixing plot (solid lines, tick marks represent 10% endmember intervals), suggesting that both fractionation in soils and seawater input may affect δ 98 Mo signatures. The dominant endmember in groundwater seems to be Mo entering the dissolved phase through the initial stages of chemical weathering with an unfractionated  98 Mo value relative to bedrock. Error on the δ 98 Mo data for groundwater and seawater refers to the external reproducibility of in-house standard (± 0.12‰), and error on the soil leach δ 98 Mo (± 0.15‰) is propagated from the parameters included in the isotope mass balance. Basalt δ 98 Mo is an average of data reported in Siebert et al., (2015) , King et al., (2016) , and Liang et al., (2017 
